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1. Introduction {#sec0005}
===============

As a newly recognized illness, coronavirus disease 2019 (COVID-19) has spread rapidly throughout Wuhan city to the rest of China and around the world. After more than a month of strenuous effort, the epidemic situation in China is gradually coming under control. However, the number of confirmed COVID-19 cases outside China is continuously growing. A better understanding of the clinical characteristics and outcomes of COVID-19 pneumonia is conducive to better prevention and treatment of the disease.

To date, some clinical studies have reported the demographic, epidemiological, clinical, laboratory, and radiological characteristics, as well as the treatment and prognosis of patients with COVID-19 pneumonia [@bib0005], [@bib0010], [@bib0015]. However, these reports are mainly aimed at general populations whose immunity was usually undisturbed before the disease occurred. Given that both innate and adaptive immunity play important roles in the clearance of viral infection, it is not clear whether COVID-19 pneumonia has its own specific effects in immunocompromised populations. The immune response, particularly the T-cell response, in these special populations is significantly suppressed because of the long-term use of immunosuppressive agents. Therefore, COVID-19 pneumonia in immunosuppressed populations may produce more severe clinical symptoms, a longer duration of illness, and a worse prognosis than in immunocompetent patients.

In this study, we enrolled 10 patients with laboratory-confirmed COVID-19 pneumonia from among the renal transplant recipients who had been followed up long term in Tongji Hospital, Wuhan, China. Detailed clinical data were collected and analyzed to evaluate the clinical features and outcomes of COVID-19 pneumonia in these immunosuppressed patients.

2. Patients and methods {#sec0010}
=======================

2.1. Study design and patients {#sec0015}
------------------------------

As the hospital with the largest volume of kidney transplants in China, our long-term follow-up recipients exceed 3000. During the COVID-19 epidemic, renal transplant recipients who developed susceptive symptoms were advised to contact the physicians at our transplant center. Before the COVID-19--diagnosed patients were admitted to the designated hospitals, our physicians instructed them to adjust the use of immunosuppressive agents and to take oral antiviral drugs. "Treatment after admission" will refer to the consultation advice of our kidney transplant specialists. A total of 10 renal transplant recipients with laboratory-confirmed COVID-19 pneumonia were enrolled in this study; they were hospitalized in five designated hospitals in Wuhan.

As the family members of transplant recipients infected with COVID-19 virus tend to exhibit concomitant cluster infections, we also collected clinical data from these immunocompetent family members with COVID-19 pneumonia as controls in this study.

This study was approved by the institutional review board (IRB) at Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China (IRB approval number: TJ-C20200120). Written informed consents were waived for emerging infectious diseases, but verbal informed consents were obtained.

2.2. Diagnosis and classification {#sec0020}
---------------------------------

All patients underwent chest computed tomography (CT) scans to determine pneumonia. Throat swab samples were subjected to reverse real-time polymerase chain reaction (RT-PCR) assay in order to test for the presence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [@bib0020], [@bib0025]. A definitive diagnosis of COVID-19 pneumonia was made based on the following two criteria: (1) radiographic evidence of pneumonia and (2) positivity of respiratory specimens for SARS-CoV-2 by RT-PCR assay.

Clinical classification of COVID-19 pneumonia includes mild, severe, and critical types [@bib0030], [@bib0035]. The detail classification criteria, as well as the discharge criteria, are provided in the Supplementary material.

2.3. Principles of special treatment {#sec0025}
------------------------------------

For renal transplant recipients with COVID-19 pneumonia, the immunosuppressive agents were adjusted according to the clinical symptoms and severity of pneumonia. Intravenous corticosteroid therapy was given as an important adjunctive therapy. The details are described in the Supplementary material.

2.4. Data collection {#sec0030}
--------------------

Medical records of the patients were analyzed by the research team. Epidemiological, clinical, laboratory, and radiological characteristics, as well as treatment and outcome data, were obtained from electronic medical records. The data were reviewed by two senior transplant clinicians. The basic clinical information from infected family members was obtained mainly through telephone communication with the patients. The clinical outcomes (ie, discharge, mortality, time of virus shedding, and length of illness) were monitored up to March 16, 2020.

2.5. Statistical analysis {#sec0035}
-------------------------

In our descriptive statistical analysis, results are expressed as numerical values for categorical variables. Continuous variables are presented as mean values with standard deviation if normally distributed, and as median and range otherwise. Normality was tested by Shapiro-Wilk test. Normally distributed continuous variables between groups were compared with Student *t* test. The ordinal variable (clinical condition) was compared by Mann--Whitney rank-sum test. For categorical covariates, *p* values were generated by Fisher's exact test. Statistical analysis was performed using STATA (StataCorp LLC, Texas, USA), version 15.1.

3. Results {#sec0040}
==========

Among the 10 transplant patients with COVID-19 pneumonia, eight were male and two were female. The age range of the patients was 24--65 yr, and the time after renal transplantation was 6 mo--12 yr. Their kidney grafts were from living related donors (*n* = 3), donation after brain death (*n* = 3), or donation after circulatory death (*n* = 4). Six patients had one or more of the following underlying diseases: hypertension, coronary heart disease, hypertensive heart disease, chronic obstructive pulmonary disease, atrial fibrillation, and chronic heart failure. The maintenance immunosuppressive regimens included tacrolimus (Tac)/mycophenolate mofetil (MMF)/prednisone, Tac/MMF, and cyclosporine/mizoribine ([Table 1](#tbl0005){ref-type="table"} ).Table 1Clinical and laboratory characteristics of 10 kidney transplant recipients infected with COVID-19.Table 1Patient*n*1234567[a](#tblfn0005){ref-type="table-fn"}8910SexMaleMaleMaleMaleMaleFemaleMaleMaleMaleFemale--Age24552930506552495937--IS regimenT/M/PT/M/PT/M/PT/M/PT/M/PT/MT/M/PT/MC/MiT/M/P--ComorbiditiesNoCHD/AF/CHFNoHTNHTNNoHTN/CHDNoHTN/HHD/COPDHTN6Contact WuhanLiveLiveTravelLiveLiveLiveTravelLiveLiveLive10Family clusterYesNoNoYesYesYesYesYesYesNo7No. of infections200221511014 Confirmed1----21141----10 Clinically diagnosed1------1--1--1--4Date of onsetJan 17Jan 20Jan 20Jan 20Jan 25Jan 27Jan 28Jan 29Feb 1Feb 3--Onset to diagnosis (d)2627121145942--Onset to admission (d)2757218479810--FeverYesNoYesYesYesYesYesYesYesYes9Highest fever (°C)38--38.83938.63838.939.238.440--Days of fever3--13108119596--CoughNoYesYesYesYesYesYesYesYesYes9Short of breathNoYesYesYesYesYesYesYesYesYes9FatigueNoYesYesYesYesYesYesYesYesYes9DiarrheaNoNoYesNoNoYesNoYesNoNo3SARS-CoC-2 positiveYesYesYesYesYesYesYesYesYesYes10Highest CRP (mg/l)3080.511842.64040.15449.7100.534.1--LymphopeniaNoYesYesYesYesYesYesNoYesYes8Lowest Lym (×10^9^/l)--0.30.470.610.420.720.99--0.440.19--Elevated ScrYesYesYesYesNoNoNoNoYesYes6Highest Scr ($\text{μ}\text{m}\text{o}\text{l}\text{/}\text{l}$)198308251209--------467189--Elevated ALTNoNoNoNoYesNoYesYesYesYes5Highest ALT (U/l)--------104--949761163--[^2][^3]

In terms of epidemiology, eight of 10 patients lived in Wuhan, and the other two visited Wuhan before the onset of the disease. Moreover, seven patients had other family members infected with SARS-CoV-2, of which 10 were laboratory confirmed and four were clinically diagnosed ([Table 1](#tbl0005){ref-type="table"}).

The symptom onset time for the 10 patients was concentrated within 17 d (January 17--February 3, 2020). Nine patients presented with fever, with the highest body temperature ≥38 °C. In addition, nine patients had cough, shortness of breath, and fatigue; three had diarrhea ([Table 1](#tbl0005){ref-type="table"}). The median time from onset of symptoms to the diagnosis of COVID-19 was 6 d (2--26 d); the median time to hospital admission was 8 d (4--27 d).

Laboratory results showed that eight of the 10 patients developed lymphopenia (\<1.1 × 10^9^/l), with the lowest average lymphocyte count being 0.52 ± 0.25 × 10^9^/l ([Table 1](#tbl0005){ref-type="table"}). C-reactive protein was significantly increased in all patients (30--118 mg/l), while procalcitonin was negative. During the course of the disease, the serum creatinine level of five patients showed a temporary increase and that of one patient showed a progressive increase ([Fig. 1](#fig0005){ref-type="fig"} A). In addition, five patients had a transient elevation in alanine aminotransferase levels (61--163 U/l).Fig. 1Serum creatinine changes in 10 post-transplant patients during the course of illness. (A) Six patients had renal graft damage. (B) Four patients had stable renal graft function.Fig. 1

All patients had at least one chest CT scan, which showed abnormalities in both lungs in each case ([Fig. 2](#fig0010){ref-type="fig"} A). The chest CT findings of two patients with relatively mild pneumonia were multiple patchy ground-glass shadows in the lungs ([Fig. 2](#fig0010){ref-type="fig"}Aa,g); the chest CT images of eight patients with relatively severe pneumonia showed bilateral multiple lobular and subsegmental areas of consolidation. Pulmonary lesions in nine patients exhibited a significant progression, followed by a marked absorption in the late stage of illness ([Fig. 2](#fig0010){ref-type="fig"}B). Unfortunately, the remaining patient died during the progression of his pneumonia.Fig. 2Chest CT scans of 10 post-transplant patients. (A) A representative CT image of each patient: (a) patient 1: multiple bilateral subpleural patchy consolidation, prominent on the right; (b) patient 2: multiple bilateral reticular patterns, prominent on the right; (c) patient 3: multiple patchy ground-glass opacities bilaterally; (d) patient 4: multiple bilateral consolidation and ground-glass opacities in the right; (e) patient 5: multiple bilateral patchy consolidation; (f) patient 6: multiple subpleural patchy ground-glass opacities bilaterally; (g) patient 7: bilateral patchy ground-glass opacities; (h) patient 8: bilateral consolidation and patchy ground-glass opacity in the right side; (i) patient 9: multiple bilateral ground-glass opacities; and (j) patient 10: multiple bilateral patchy consolidation and ground-glass opacities. (B) Changes of chest CT images during the course of disease in a typical case (patient 3): (a and e) on illness day 3, multiple subpleural patchy ground-glass opacities bilaterally; (b and f) on illness day 7, much more ground-glass opacities and patchy consolidation bilaterally; (c and g) on illness day 16, multiple ground-glass opacities bilaterally with enlarged ranges; (d and f) on illness day 36, the lesion was almost completely absorbed, leaving only a few blurs.CT = computed tomography.Fig. 2

In terms of clinical classification, two cases were classified as mild, five cases were severe, and three cases were critical ([Table 2](#tbl0010){ref-type="table"} ). Regarding the treatment, all patients except one stopped using antimetabolic immunosuppressants, with an average discontinuation time of 18.0 ± 6.4 d. In seven patients, calcineurin inhibitors (CNIs) were completely discontinued for 6--14 d, after which the original doses before illness were gradually restored. Among the other three patients, one reduced the CNI dosage and in two the dosage remained unchanged during the whole course of their illness ([Table 2](#tbl0010){ref-type="table"}). Eight patients were given intravenous methylprednisolone (MP) to control their high fever, with a daily dose of 20--40 mg and a median course of 9.5 d (2--19 d). Seven patients received intravenous immunoglobulin treatment ([Table 2](#tbl0010){ref-type="table"}). The antiviral regimen included umifenovir (*n* = 6), oseltamivir (*n* = 2), ribavirin (*n* = 1), and ganciclovir (*n* = 1). All patients needed to receive oxygen via nasal catheter to maintain oxygen saturation \>95%, and three of them required noninvasive mechanical ventilation for 1--3 d as the disease progressed. None of the patients underwent endotracheal intubation and invasive ventilation.Table 2Treatments and outcomes of 10 kidney transplant recipients infected with COVID-19.Table 2Patient*n*12345678910Clinical condition MildYes----------Yes------2 Severe----YesYesYes----Yes--Yes5 Critical--Yes------Yes----Yes--3IS adjustment M/Mi cessationNoYesYesYesYesYesYesYesYesYes9 Days of M/Mi cessation--123021202412141118-- CNI cessationNoNoNoYesYesYesYesYesYesYes7 Days of CNI cessation------691477118-- CNI reductionNoYesNoYesYesYesYesYesYesYes8 Days of CNI reduction--12--1558751110--Use of corticosteroidNoNoYesYesYesYesYesYesYesYes8 MP i.v. dose (mg/d)----2040204040404020-- Days of MP i.v.----299191210510--Use of IVIGNoYesNoYesYesYesYesNoYesYes7Antiviral therapyYesYesYesYesYesYesYesYesYesYes10Oxygen support Nasal cannulaYesYesYesYesYesYesYesYesYesYes10 Noninvasive ventilationNoYesNoNoNoYesNoNoYesNo3Outcomes DischargeYesYesYesYesYesNoYesYesDeathYes8 Onset to shedding (d)3745252930--1522--24-- Hospital stay (d)164330162645+1325621-- Onset to discharge (d)434837373449+2034--31--[^4]

To date, eight of the 10 patients have recovered and been discharged from hospital, with a mean hospital stay of 23.8 ± 9.7 d and a mean illness course of 35.3 ± 8.3 d. The mean time from illness onset to SARS-CoV-2 virus shedding was 28.4 ± 9.3 d. After 45 d in the hospital, one showed significant improvement of the pneumonia but was still under hospital observation because of a recent positive result from a nucleic acid test for SARS-CoV-2.

Of the 10 patients, one died during hospitalization. He was a 59-yr-old man who had complex underlying diseases, including hypertension, hypertensive heart disease, and chronic obstructive pulmonary disease. He was admitted to the hospital on day 8 of illness. On hospital day 2, noninvasive mechanical ventilation was required because of a significant decrease in blood oxygen saturation (to 83%). Meanwhile, the patient showed a significant decrease in urine volume (\<500 ml/d) and a significant increase in serum creatinine (467 μmol/l), indicating an acute renal allograft failure. On hospital day 6, the patient developed a sudden acute respiratory failure and died.

Serving as control patients without immunosuppression, the 10 family members with confirmed COVID-19 pneumonia had a mean age of 42.3 ± 14.4 yr, which was similar to that of the infected transplant recipients (45.0 ± 14.0 yr, *p* \> 0.05). Of the 10 control patients, nine were admitted to hospitals and seven had fever with an average duration of 6.4 ± 4.3 d ([Table 3](#tbl0015){ref-type="table"} ). Most control patients' (nine of 10) disease was classified as mild, and only one case was severe. By contrast, the transplant recipients had significantly more severe COVID-19 pneumonia (five severe and three critical cases) than the control family members (*p* \< 0.01). Furthermore, these transplant patients had a longer course of the disease (35.3 ± 8.3 vs 18.8 ± 10.5 d, *p* \< 0.01) and a longer time of virus shedding (28.4 ± 9.3 vs 12.2 ± 4.6 d, *p* \< 0.01; [Table 3](#tbl0015){ref-type="table"}).Table 3Comparison of clinical features and outcomes of COVID-19 pneumonia in kidney transplant recipients and their family members.Table 3KTx recipients (*n* = 10)Family members (*n* = 10)*p* valueAge (yr), mean (SD)45.0 (14.0)42.3 (14.4)0.68Sex (male), *n*850.35Fever, *n*970.58Days of fever, mean (SD)8.2 (3.1)6.4 (4.3)0.35Positive chest CT findings, *n*1010--Admission, *n*1091.0Clinical condition, *n*\<0.01 Mild,29 Severe51 Critical30Recovery, *n*9101.0Onset to shedding (d), mean (SD)28.4 (9.3) [a](#tblfn0010){ref-type="table-fn"}12.2 (4.6)\<0.01Onset to discharge (d), mean (SD)35.3 (8.3) [a](#tblfn0010){ref-type="table-fn"}18.8 (10.5)\<0.01[^5][^6]

4. Discussion {#sec0045}
=============

We report here the clinical features and outcomes of 10 renal transplant recipients with laboratory-confirmed SARS-CoV-2 infection. All the patients had significant progressive pneumonia and were admitted to designated hospitals in Wuhan, China. The overall severity of COVID-19 pneumonia in this group of patients was greater than that in their infected family members and that reported in the general population [@bib0035], [@bib0040]. Nevertheless, all patients except one eventually recovered after treatment.

The clinical manifestations of COVID-19 pneumonia in post-transplant patients may be atypical as a result of long-term immunosuppression [@bib0045]. In this study, nine of the 10 patients had fever, cough, shortness of breath, and fatigue; three had diarrhea; eight had lymphopenia; six had renal injury; and six had liver function damage, all of which were similar to the manifestations of severe COVID-19 pneumonia in the general population [@bib0005], [@bib0015], [@bib0050]. In addition, these patients also had typical chest CT findings of COVID-19 pneumonia that were similar to those previously reported [@bib0025].

It is important to verify whether COVID-19 pneumonia in immunosuppressed people is more severe than that in nonimmunosuppressed general population. A report of 72 314 COVID-19 cases in the general population from China\'s Infectious Disease Information System showed that most confirmed cases (81%) were classified as mild, while only 19% were either severe or critical [@bib0035]. In the present study, the proportion of severe cases (80%) was significantly higher than that of their infected family members (10%) and that reported in the general population (19%) [@bib0035]. In addition, with the exception of one patient who died and one who has not yet been discharged, the average duration of illness was approximately 35 d, nearly twice as long as that of the control family member group (18.8 d) and of the general population, as reported in the literature (about 17--20 d) [@bib0015], [@bib0035]. Moreover, the post-transplant patients needed a much longer time to become negative for the SARS-COV-2 virus than their infected family members. These results suggest that because of their immunosuppressive status, transplant recipients may experience more severe COVID-19 pneumonia and a more difficult recovery than those in the general population.

In Guidance on Influenza A/H1N1 in solid organ transplant recipients, a reduction in immunosuppression is recommended in patients with significant disease [@bib0055]. However, it should be noted that the timing must be well controlled in terms of reducing or stopping CNIs. Once the symptoms improve, CNIs should be restored gradually to avoid acute graft rejection. In our study, the use of CNIs in seven patients was completely halted for about 9 d, and the dosage was halved for one patient for 12 d. None of the eight patients developed acute renal graft rejection.

In the treatment of COVID-19 pneumonia, the use of low to moderate doses of corticosteroids (0.5--1 mg/kg/d for ≤7 d) has been recommended [@bib0060]. This regimen may be able to suppress the overwhelming inflammation mediated by the hyperimmune response, thereby preventing the development of rocketing progressive pneumonia in patients. However, when it comes to steroid doses and treatments, it is important to find a delicate balance that maximizes the benefits and minimizes the potential harm. In the current study, eight patients used intravenous MP (20--40 mg/d) for an average of 9.5 d; this steroid may play an important role in preventing cytokine storm syndrome and facilitating recovery.

Although the pneumonia was more severe in the 10 transplant recipients, and most patients had different underlying diseases, all except one still achieved a good prognosis after treatment. To explain this phenomenon, we hypothesize that long-term immunosuppression might, on the one hand, delay virus clearance and prolong the course of disease, and on the other hand, avoid the occurrence of fatal critical pneumonia caused by the hyperimmune response. It is worth noting that the protection of renal graft function during the course of the disease is particularly important for these special patients. Elevated serum creatinine has been reported in approximately 4--10% of hospitalized patients with COVID-19 pneumonia [@bib0010], [@bib0065]. However, six of the 10 transplant patients in our study had elevated serum creatinine. Possible reasons why renal transplant recipients are more likely to develop kidney damage during the treatment of COVID-19 pneumonia include a potential lack of renal function, poor tolerance to therapeutic drugs, and possible immunological damage.

This study is limited by its small sample size and retrospective method. The following considerations should be taken into account when interpreting the findings: First, the health resources in Wuhan were in relatively short supply because of the rapid growth in the number of COVID-19 patients, and therefore some of our patients failed to be admitted to the hospital in a timely manner. Second, since our patients were sent to five different hospitals, individual differences in treatment regimens may have affected the process of recovery from the disease.

5. Conclusions {#sec0050}
==============

To the best of our knowledge, this is the first case series report on COVID-19 pneumonia in immunosuppressed patients. We conclude that immunosuppression may have two opposing effects on COVID-19: on the one hand, making the early course of the disease more severe and prolonging the virus shedding time; on the other hand, reducing the occurrence of fatal severe pneumonia by suppressing the hyperimmune response. We believe that the findings reported here provide an important reference for the future treatment of immunosuppressed patients with COVID-19 pneumonia.
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Appendix A. Supplementary data {#sec0060}
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The following are Supplementary data to this article:

Supplementary material related to this article can be found, in the online version, at doi:<https://doi.org/10.1016/j.eururo.2020.03.039>.

[^1]: These authors contributed equally.

[^2]: AF = atrial fibrillation; ALT = alanine aminotransferase; C = cyclosporine; CHD = chronic coronary disease; CHF = chronic heart failure; COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease 2019; CRP = C-reactive protein; HHD = hypertensive heart disease; HTN = hypertension; IS = immunosuppression; Lym = lymphocyte; M = mycophenolate mofetil; Mi = mizoribine; *n* = total number of patients with available data; P = prednisolone; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; Scr = serum creatinine; T = tacrolimus.

[^3]: A case report of this patient has recently been accepted for publication.

[^4]: CNI = calcineurin inhibitors; COVID-19 = coronavirus disease 2019; IS = immunosuppression; i.v. = intravenous; IVIG = intravenous immunoglobulin; M = mycophenolate mofetil; Mi = mizoribine; MP = methylprednisolone; *n* = total number of patients with available data.

[^5]: COVID-19 = coronavirus disease 2019; CT = computed tomography; KTx = kidney transplant; SD = standard deviation.

[^6]: *n* = 8.
